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ABSTRACT - - e T Lo S
This paper reports-*+vo experimental studies of the

. davelopmen*t of *ime, speed and distance concepts in childron. In
Experiment I subjects (12 .in sach of four age grecup S-, 8-,
11-year-olds, and adults) were asked to judgzs which of tvo- alectr*c.
trains on parallel tracks. went faster, for +he longer distance, or
for more time. Subject's knowledge of each concept was assessed by a
me+thod which assumes that coqnltlvn developmnnt can be characterized

as a set of rules. Two guestions 'were addressed: what are the ' s

knowledge states leading to the understanding of the.concepts and in
- what order are the concepts mastered. Results indicate that
-yaar—olds equate *1me, speed and dlstance with *the relative
stopping points of moving objects. Adults possess-full understanding’
of the three concepts. Many children mastered bo+h the speed and
distance concepts by age 8 and the majority mastered both by age 11,
. The ¢ime concept appears +0 ‘be mastered sometime between age 11 and
adulthced. Experimernt IT explsred the use of rule assessmen+s to
predic+ .ability to respond to different types of training. A pretast,
- feedback tralnlng, posttest procedure was followed., T+ is concluded
that it is possible. +o predict differences in chilidren's ability.to
acquire new knowledge once +heir 1n1*a1 knowledge statp= can be
specified. (Author/RH)
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n 192, Albert Einstein questiomed Jean Pia@t about children's
' understandime: of speed and time. The questions armse because relatiwvity
- theor7y prostwced a fmmdamentally different view cthese concepts than
. clasmica] Semropian sechenics. *instein wanzed  know which concept
childess umserstood first, whatmer they unders: w4 gither or Both con- . |
. cepts "fmevuigriwe)y,’” and how the development of e cqncept' influenced . .
= the dewe./.spment of rhre other. ) ) Co :

. ]
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Pleger : two-vrusmme answer o ‘the.e quesgio ¢ (Piaget 19463/ 1969;
194&@mt/,/19™)) —osited 'roat Lime, $bwed, and dimtawxe each underwent a 3-
Stige rwelomEn .oy pregredsien. Stage I child'sm equated each concept
with ¢ tdegle spaiia, aiuensio: thus, if twe . «ms traveled along parai-
le: traal.s, T2 car tieex etoppmt &rtha: ahesi: smid be said to have s
trawelsd for the lomg: = Time, at: the fammner sgeed  and for the gredter

: gii. e, Mt Skagpe IT o her fmegors sarch as stayming point began to
be =251 f.ervt. Stmge .ZT reprusented master f mach concept. ..

.- <«

et e 2 the fmct —hat Pimese claim = .2~ childr master time,
. speed, s distarrce simnl vaneowkey, he sppears newsr to have examined
-+ “thewa¥. ciildren on all thr¢ e venceptz. In additden, his assessment
«  meWloass T0 the three concepis wWere not fully compagzble. Subsequent
. atuddes (Merndt and Woad, 1374 “wiedman, 1978; laxin, 1977; and Wein-
. . réb and Praizerd, 1974) have eu.amded cur underst=ading in several re-
gamit=- . gt have n!: deliinestEd the setuence of knowledge states ieading
" .to m. My of each - eoncept and have rot compared the ages at which
chil.damep ﬂb*er the three of t:hen.

.

. R ‘

The £irét. éxperimem was designed to expand our understandj.ng of
time, some and distdnce csmemmts by overcoming some. of the methodolmgi-
cal limdwstdcos of ePiager“s wapmrinents, Th order to determine more -
" accurapeiy the sequence ‘of pmxthal understaadings leading to mastery of -
the thmee abucepts, as well /8 X0 apecify theMrder-of mastery, a task
was cremted what would allowy ommparable-assessment of the three concepts.
Childrem weer¢ shown two.electrie traiis ¢n parallel tracks. The two’
trains emsd: start from the same orr-difermt pomts, could stop at the
pame or @fierent po.nts, smd meuld go. the same or different’ distances.
They. couda ®kart at the sas. oxr different times, could stop at the same

- PSO 10'57‘7
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' ‘va:sim- of emm:; of tne 6 p:ﬁisn—types.

- /\ N
or different tin=g  and cu!n‘! *ravel fcr the same or different total .
time. Fioally;, they could go the sawe or different speeds. .This allowed.
the creat.iod of completely pseallel time, speed, and distance problems.
The trainst wowlk! go @ifferent distances. at differ¥ent speeds, for 'differ-
ent amoumts o t¥mp, and the riildren could be asked, "Which train went
.for the :longer diagtaunce) (fast=r) (for tia longer. t:ime) m

- The child’s ’.:nuwledge of =ach concag wvas assessed using the rule
asgessment h ology- (Sieghx 1976; 1378a; 1978b; Note 1; KXlahr &
Siegler,, 1978; $Megler & Vago. 1978). Tais" mathodology has béen shovm
effectiwe on a large range of mroblems, including balance scale, projec- .
tion of shadtws, srobability, Sullness, amd comservatioh tasks. It is
bamed upon two. aspumptions; timat cognitim dewelopment can be character-
tred as .a ee. of ineressimgly mophisticased rxies, and that problem sets.
can_be desfigred o unmbimqutly discrimate amorig these rules.

Eaapget '6 rsmmarch on mime and- speed sugpested three posaihle rules.
Chtldram gfiug Bsle I woulc rely solely or e stopping points of the
tradns. lwse wsing Rule IT would rely on stopping points wnless they

" wewe egual, dn which. case stari.ng points wmmld also be considered.

Thmee wwisz "ule III would solve the problleg@s in an adult fashien, by
comxtileriny >nl® starting and ssopping tisss Six problem—typm were
chossm whimt vould aliow. discrfimination afr-tseme rules as well as of .the

7. soynical diipensicas (time, spwed, distamoce, =md point, end time, begin-
nimg point, -and begiemdng time) on which t5e cuafld might base bzs judgments.
Thes= xQRlew'types ave illustrated in Tabiie' 1. To limit the ‘@wifticulty

of thwp perobléms, toral tme, spexnt, nd diEamce were never eqmil for t:he

.2 trmire,

. Twoelve ‘.lnd‘vidui.s in u:ﬂ. of 4 age gromps (5-, 8-, l-year-wlds,
amd wdultw) werg used as s ts. The apmmcatws (:LlJ...tstrated in Figure
, incligie two electric tratme on paralle’ tracks. The speed =f each
tmmms semtrolled by a tramgtformér, and tiie travel time by a dmter
timer. Wy controlling speed =md time, distance =raveled by the =rains
comdd alno be emmtralled. Tae oroblem set consisted of .problessg ' 4

]

Each chili wneg M‘ought Mdﬂ.vidxﬂly to the experiment room on three

. dtffersmc detps gud Was asked yo judge on each ‘trial which train weni . °

faster. 38 sere: ®letance, or for more time.- ‘Osly one concept wmas tested
on a giwes Jigy. #et & child to be judged to be 'ning a rule, tiwe answers

_to at leass.’™ af che 24 problems were required o conforin to that rule

(for a more tiemmiled descreption of the _procedure, cf. " Siegler & Rich~

ards, 19”) . r .
Results . : ' e
. Dis I . me-—one of the 48 subjects were classified as

ua:lng a rule oz The distamce concept problems. As shown in-Table 2a,
15 used. Rﬂlt L. ﬁu‘ Ruke II,.and <2 uséd Rule’III. The remaining

-
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-subjects'’ performances most ciosely approximated Rule I, but did not
meet the criterion for rule usage. Rule usage was age related- 5-year<
olds used Rules'I or 11, 8-year-olds used Rule I most often and Rule III., -
eccasionally, . ll-yea*-olds useu,Ruie I1I mggt ofzen, and adults always
used Rule III. =~ = .. , - * ~?7 L '

- \ . . N ‘
Speed concept. Thircy-éight of the 48 subjects were classified as
using a rule on the spead.coucept problem. As shown in Table 2b, 7 used \
Rule I, 6 used Rule II, and 2Z used, Rule IIi. "Rule usage was again re- o
lated to age, 5- year—olds used Rules I.or II, 8-year-olds-divided between
‘Rule III and no rule, and ll—year-olds and adults ‘consistently used

Rule ITI. ‘ \ o . v

'Time coneept. Thirty-two, of the 48 subjecEs were classified as
using a rule on the time concept problems. As shown in Table 2c, 7
used’Rilé I, 6 used Rule II, 5 used a ‘rule based on the total distance:
traveled (the distance rule)9 and 13 used Rule III., Fiye-year-clds most

o ’tén used Rule I or II, 8-year-olds generally did not meet any rule ;";-' T
critérion, 11-year~olds usually* used 'the distance rile: or could not be =
clasaified as using ary parricular rule, and adults used Rule II. -~ .
“\. ~N
The youn9°st and oldest subjeets reasoned at simiiar levels on all - J,%

. three concepts. Six of the 10 five-year-olds who could be classified as.

- using-a. rule on all three concepts used the_same.rule, Rule I or II, on . -
- all of them. Adults performed consisten%ly corrgctly (ubed Rule IIi) on.

all of the concepts. Unlike the S-year-olds and theFadults, 8- and 11~ . - ¢
year-olda did, not use similar réasoning on .all three concepts. Instead,
as suggested by the rule Jisage data(Tgble 2), ‘they appiared to master

. both the-speed and distance concepts long, before mastering the time

cnncept I e , AP ® '
’ T . : - F & U ')

As previously nentioned, 16 subjects on the time concept, 10 on the ° o
distznce ‘concept, and Seven on the speed concept did not meet any rule .
criterion. Examination of the protocols of these subjects revealed =« .

distinctly non~-random patterns .of responses, To clarify thegapproaches' A
they were tamihg, multiple regressionvanalyses were.performed for each \
task. The auwber of erxors on each test. ited served as the dépendent -
variable, and total time, total distance,: average speéd, end point, end - - -

4 time, beginning- point, and beginning time as independent variables. All
independeént variatles were treated as. dichotomous except the conceptual .
variable itself, which was constructed from the ratio of. the two travel

times, speeds, or distarces for eaci; problem. :
- °

Most of the errors made by the "no rule” subjects could be accounted
* for by -a small number of variables. For the time concept, the status of ©
the distance variable accounted fo? 674 of the“variance. None’of the!
other variables added as much as 5% to the variafice that- could pe account-
ed for. On the distance- concegt, the’ greatest amount of variance was ac-
counted for by the status of the time. variablg, althougw'here the speed
variable aud the distanck ratio also added‘significantly to the accounted
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for variance. ‘On ‘the speed concept the distance variable wr o ime
portant (60% of the variance) but the ond’ point variable adc.# & -
-cantly to the regression also. - ,
.- & -

To summarize, two questions were- addressed by this stully . whw ere
-the knowledge stateg. leadimg to the understanding of time. spe.d.,
distance, and in what order are the 3 concepts mestered. WMch mﬁ.xﬂ to
the first question, it appears that, as Plaget sSugpested, J-yoear—«n&
equate time, speed, and distance with the relative stoppimz in!ts of
moving objects, vhile aduits possess full. understamiing of three
.concepts, . However, little support was found for Piaget's .aecs™¢ of e
tranaition period. The, &trect predecesmr.s of Rule III ap[lew' §¢ be .
knowledge states in which: the concepts ‘gre paftiall*' unders " put srill
confusable. For the time concept, .the state befo::e;masmry a8 to e
one in which time and distancé are only partially dffferent ceed. - Tuis
conclusion was supported both by the. yse of the dimmmance ru hy ll-wear-
olds “amd ‘by the’ regression analysis of the peop1e wito did n = et the |
_rule fusage criterion. There was a similar confusion on the &k cance
_concept, where time appeared as the largest interfering -founer e

n analysis. On “the speed concept, distance and .emd poine ep~

the most importa,nt interfering factors.

In answer to the second question posed by this uexnm:iamfat, % exam- -
ination of Tablé -2 shows that substantial numbers of chifldres mmetwsed '
.‘both the speed and the. distance concepts by age 8 and the meior1isy mas-
tered both by age 1i. I gontrast, the time, concept apmrs o be aas- - .
tered some time betwe age 11 and adulthood

Baving obtained a reasonably detailed’ description of - quence

" of knoyledge states leading to mastery of these concepts, 4 questioa
- arose:." To what extent could we use these rule assessments’ odiet .
' ability to respond to different types of training? To ad¢ A ql_xes-
'.tion, the second, experime.nt was performed. - , . -
4 P ’ : . ) . -
/ . v 2
. IR Experiment 2 - b N
i . . : - ' .
. For Experiment 2, ‘the same apparatus was usedas in & rimemt 1:
two electric trains running’ along parallel tracks..-Five- 10~year~-

~ olds were- used as ‘subjects. A threevpart procédure was®f-1lc 2d, con- .
.,s:l.,sting of a p‘retest feedback training, and a posttest.

- 7. Pretest. 1In the pretest phase, children ure given & mihlem set

simikar tQ the ome used in Experiment. 1 but shorthr,’ ahdweex : classified

acco:niing te the rules they used to decide’ which).tvain ra ™ more time
-. Forty 5-yedr-olds and forty 10-year—ol,ds were selected ﬁn*ﬁuther par-
ticipation. ".The 'S-year-olds were chosen’ oﬁ'.thg basis of Shgkrreliance
on the end point cue: they needed to answer at.least ‘15:&f ehe. 17 pre- ~
_ test problems as predict.ed‘by Rule I'or Rule IE to be imcidddi. The-

. 10-year-dlds were selected' on the “ﬁ\asis of thek reliance on ghe distance
- . A'4 * = -

@ "\ ° "
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cue: -ovewesr, these children were not as firm and consistem. in their
resposees as the youmger mnes. In order to obtain a sufficient mumber
of oBéexr subrjects, 1t was ..ecessary to adopt.a less strict criterion. The
ten—geww-olds who answered at least 11 of the 17 problems as predicted

by th: 4&Mstance xule and wiose -performance wvas fit bestter by the dis-
tanze  Frmula than by any other mod.el were chosen for ‘training.

dhmk training.. “Ter children| of eack apge wer. assigned to each
of fnn feedback conditions: end point instrmction, d¢isthnpce instruction,
dista' : and end point instruction (hereafter ref. rrd to-as D & E), and
seatro . Children in all four ‘groups weme ~opld wne =r ‘they were right
or oy immediately followimg their judggmemwts om ez: . of the’ 18 prob- -
Jems. 111 of the instructimm sets were eorwcrusié i so that between 6
{amk I of the 18 proWlems dikscriminated speed, eps time, beginning time,
~ ang bmegiuming point from tdeal time, The othey 3 o cueé, end ‘point and -
distasece were discriminated from total time a» .dicated 'below._ .

& Eod point instruct'nm— The' chﬂdmm a1 gnged to the “end point
ius"— ~eiom group were presemted witi a * feedtdaiy protlnn set designed
sscriminate ‘the end point cue frgm time. ain exampie of Buch & .prob-
l i® Spresented in Table 3a. The défining ateribute is that end point
but wmt _distance is discrimimated frim time: that is, using end point
to smighe time would lead to an incor ect amgwer, but using distance would ,
leaxi v a correct one.. . . -
B» Distance instruction~ The childrem assigned to the distance
imstriTtion group wére.given a problem set <éwsigned to discriminate ‘the -
. @tstanee cue from:time (Tabldp3b).. Such preblems would not discriminate
end pafnt’ from time. Thus, children. using distancefto judge time would e
be - comistently incorrect but: those using end point would be conﬂstently
correct. . . ,.‘ o . N ) - ) s
\e ’ .
€) D & E instruction- The childrén in this group were given prob— :
lems such as the one illustrated in Table 3¢ =—- pmblems which diserim--
inated Both distance and end point from tdme. Children: who ‘uSed either .
distance or end point ‘to judge time woula %e incorrect on these problems .

”. .
P

D) Control— The control group recei;ved ptobi!.ems such as the exam le
in Tabke 3d. These proble:ns discriminated neithe? distance nor end po
- cues from time, all ﬁhree al'ways led ‘-to. tb carrect answer.

L R .

. . ‘. .

, Ppsttest. On the day following traiantse, all participa'nts were given”
. a.posttest similar.to-the pratest to detendzne which ruled the children -

were using. S ' . _ , . .. .
. o ’ . . ’ . e, - ’ ) N
lieults . ' ' : S A ne

ey S

Pretest. As :in Experiment . 1 multiple megression analyses were con-—
ducted for the pretest error data’ using the 7 cues listed previously ag
. independent variables.' Regressions‘ were caba:lated for all children ST



_,; , . /
p'etested iz esch aga group and <lso. for ‘the 4»0 inct’tmdu::l/s in each a-
groyp who wefs selected for' assigmment :to training wupss,  Ag Table -
illugtrates, ‘for the total ‘group -f 5—6—year—olds~, te-Tmd, end point was
"the only imperrtant interfering cue, accounting far 83% x# the error var -
. iance. The es#d point cue.accoumted for 98% of the virimmce in error
rate*for the «P children selected for further: trainimz.. Among all of
’ the 10-year-eum screened. distance was the most impc:z=agt predictor cf
srror rate Me4i of .the varianc ), but ead time was al=sr a significant
actor. Of #he.4Q children s? acted far further tramng, distance
accounted for 9% of- the:variamee, it error ‘rates. MNome that -even amor 3
the :selected: growms, ‘@istance was mot .as good a predic~:r of error ra: -
ior lo-year-mds = end point was ﬁnr S—year-olds.
ol . 1’
o RQSttest. Mo usagé on the posttest is sumhmlt:r.mt in Iable 5.
Aﬁ!ong e! yosmgee~ -nildren, the end 'po:i.nt discrifridariveg/non—end poin
aiécrhinat:mg @@ rast was the- most theoreticail im.teresting. Four—
teen..of the 20 Rt .,renl;kn the nnn-end peint d scrj:m:Lnating gtoups cow—
tipuéd to' use R .. I after .tra:ming, while ‘only- 3 of "the. 20 children #m
"« the end' point, d.scriminat,ipg groups® did. :For /th ‘older children, the” °
distance discrimt:nating/non—distance discrimi' aging contrast was the fm—’ .
porta-nt ,;one. Stz children -in the former gro ps} and’ ‘two in the latt-er ) , _
co’nt:inued to uge the- distante fule a'fter feddhack training, More -strik- .
ing, four of the 20 subJeqts in the former roups'and 11 of thé 28 in
the latter grouwv advanced to Rule -III th —correct time ru;le\,... -

/

4 . ‘
m‘gse- rul usage:* data ‘indicate that problems where end point is’

- shown to be.a ~4isleading’ ‘cue are ‘mosf effective in .persgading 5-year-
olds tqsabando: :heir end’ _point rule,'while aprobl‘hms where Histagce is-
shown to be -m##deading are mogt effecti e An’ persuading lo—year-:olde .
_ to abandon tke ﬁstance Gue. This'sup Lts out original hypothesds what i
) differential =¥ects ‘of training+can be predicted for childr’en' wi.th gfbf- ..,
) ferent,ariginal knowledge states.. - /-_, e - . ’

‘fe'acause af the 1arge number of children who met fo rule crd.t'erioh
on the posttest, regression analySes» were performed on the errora made .
by members, of each training. group Again‘, the 7 possible cues yere used |
as independent variables , and the number of érrors made on; each, item as’ ’
the dependent. variable. As’-can be "8een’ in-Table:S, amox}g “5-year-olds in .
the distance training and*cont‘rol Broups; :the tnd, pojnt cue accounted
for 94% of 4:he variance in ‘errers.”” This- percentage was about the same
as that obsérved before. training. By contras , fof® the end point :and-
D & E gro ps where end point and’ time were ' scriminatéd end point ,' .
accounted 'foJ! only 147%. ‘Distance.beéomes the best single. predicto‘r of .
.variance in- errors, accounting -for 362, of the, variance. Amo O—year—.;'
olds’ in t}ae end “peint training and oontrol group, d;l.stance is the major <
\predictor variable and accounts for '81% of the variance after, t'raining' .
again, this is substantially the s:it{xation that existed -befpre training. T~
However, for the two training groups -where the distance cue’i discr}.rm- ¥
- inated from t,ime, the variance éccounbed for ‘by the distance factor ops
to 48%, and the end time and the time ratio factors add considprably to
the regression. A y e . .

oo .
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: An additfqnal question arises conrerning the optimal form of train-.
ing: vhich is morereffective, demenstwating that all rules but the time
rule-are incorrect (as D & E instructisn does), or demonstrating that_the
child's existing end point rule is incorrect but leaving open the ‘more

‘advanced but still ingerrect distance rule (as end point imstruction dodk).
In order to answer this question, regressdon analyses were conducted in-
dividually. for each of tite four groups of five-year-olds. The results_of

_these ‘regtessions are presented in Table 7, As might be expected, for
the -end point training group’ the distamoe cue becomes the most signifi-

. cant predictor of errors. Deprived of #meir favored cue, end point, 5-

. ~year-olds appear to switch their astémrion to-distance. For cBildren in

~ ‘the B § E training group, who are deprd+ad of both the end point cue
" (their favored ome), and the distance cu~ (which they turn to in the

absence of end point);cno significant nredirtor of errors emerges.

D . ' . . .

- %Jihus teachiné,the«concept'of'time directly by discriminating it
from both distance and end point cues epgears to be less effective for

fhe younger children than teaching to che mext state of partial under-

. standing the children would normglly acguime. When showa that end point
“ is8 an insufficient cue, 5-year-olds Megin to utilize the distance cue

just as older children do after they discard end point. If deprived of

both the cye 'they favor and the cue they would normally favor next, 5~ -

year-olds.do not become adult time rule users. Insteasl they fail to use .

any discernable rule.- | v
> " Returnipg to the:original ‘hypothesls of this experiment, we conclude
that- £t is possible to predict differences in childrem's"ability to ac-
quire ney knowledge once we can specify their initial kmowledge. Five-
year-olds who are influenved by end point cues abandoe this strategy -
whey given training problems where end pwint cues sia dbseriminated from
time. ~ Ten-year~olds whe -are influemcad by distance ~mes profit from .
training problems where the distance ¢uwe is discriminated from time. The
degree of discrimination cn cther dimensimms (spee . beginning point, etc.)
-'does ndt,'seem to influence either age groww.. The »-unexally cleaner effect
of training for the five-year-oldz appears to be due t. the higher quelity
. of ‘the initial assessments of theitr knowledge; their perftrmance fiz the
N end, point chdracterization much better thsm older children's fit -the dis~'
tance characterization. This emphgsizes that ability td'predict learning
- depends greatly upon the quality oSf the aésessmeﬁt of the existing knowledge.
. 2 . . ' . . ] . . .
., Further research in this area will be designed'to,test whether child-
ren actually encode the information necessary to make &dult time ‘judgments
,(in’this case, the necessary information is’ beginning and end time). Five- -
-and 10~-year-olds will be questioned to, see if they are aware of which tratn
started or stopped first in time.: If they are not encoding this essential
- information, attemptg will be mide to train the children to.do so and the
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